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The use of cytomedines (such as Retinalamin) in clinical practice has shown high effectiveness of the
medicaments in ophthalmology. The study of diffusion of Retinalamin in scleral tissue is important for
estimation of a drug dose delivered into inner tissue of eye, time of drug action, etc. In vitro
measurements of spectral reﬂectance of sclera interacting with aqueous solution of Retinalamin have
been carried out. Ten human sclera samples were included in the study. The results of the experiments
have shown that penetration of Retinalamin into scleral tissue leads to the decrease of scleral reﬂectance
due to optical immersion. Estimation of diffusion coefﬁcient of studied solution has been made on the
basis of analysis of optical reﬂectance dynamics of the sclera samples. The diffusion coefﬁcient of
Retinalamin in human scleral tissue was evaluated as (1.8270.14)  106 cm2/s. The results are
important for treatment of partial optic atrophy observed at primary open-angle glaucoma and others
eye diseases.
& 2008 Elsevier Ltd. All rights reserved.
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1. Introduction
Metabolic disorder in optic nerve at its partial atrophy is
developed as a result of inﬂammation, intoxication, blood
circulation disorder, glaucomatous optic neuropathy, and others
[1]. The problem of its correction is an actual one. Many years’
experience of the use of cytamins (such as Retinalamin) in clinical
practice has shown high effectiveness of the medicaments in
ophthalmology [1–5]. Cytamins are a large group of remedies that
have the ability to control the most important biological processes
in the cells of human body [6]. Retinalamin consists of calf’s or
pig’s retina polypeptides Ala-Glu-Asp-Gly (molecular mass
10 kDa). It regulates metabolic processes in retina, stimulates
functions of cell elements, promotes improvement of functional
interaction of pigment epithelium and external segments of
photoreceptors, and increases retinal macrophage activity [1–3].
Eye tissues, especially those that are responsible for visual
functions, are well isolated from systemic blood circulation by a
multitude of barriers. The barriers provide for a high level of
soluble selection. At the system application of drug only
0.01–0.07% of injected dose reaches the eye tissues [7]. The study
of diffusion of Retinalamin in sclera is important for estimation of
a drug dose delivered into eye tissues at subconjuctival injection,
since this method provides the highest concentration of drug in
target area [8]. However, despite numerous investigations related
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to drug delivery in sclera [8–13] the problem of estimation of drug
penetration rate in the tissue has not been studied in detail.
Diffusion coefﬁcient of immersion ﬂuid in ﬁbrous tissue can be
estimated by the method based on the measurements of temporal
changes of optical properties of a tissue (transmittance or
reﬂectance) caused by dynamic refractive index matching [14]. It
can be used both for in vitro and in vivo measurements [11,13–16]. It
is well known that sclera mainly consists of collagen ﬁbers packed
in lamellar bundles that are immersed in an amorphous base
substance [17,18]. Inhomogeneities in the structure and difference
between refractive indices of collagen ﬁbers (ncol ¼ 1.411) [19] and
interstitial ﬂuid (nint ¼ 1.345) [17] give a high scattering of sclera in
the normal state [14,20]. Since refractive index of aqueous
Retinalamin is higher than that of the interstitial ﬂuid of sclera it
has to induce optical clearing of the tissue.
In this paper we present the results of in vitro experiments on
the human sclera optical properties control by administration of
Retinalamin. The goal of the study is investigation of scleral
permeability as the most signiﬁcant tissue barrier at the topical
application of the agent.

2. Materials and methods
2.1. Materials
In the study, 10 samples of human sclera obtained from three
subjects were used. The samples were obtained from enucleated
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eyes during elective surgery—enucleation of blind eye forming
functioning stump for artiﬁcial eye. Age of the subjects was
38–45, all of them were males. The reasons for the enucleation
were the followings: congenital absolute glaucoma and preathrophy owing to penetrating wound. Time interval from the
enucleation to spectroscopic measurements did not exceed 24 h.
After the enucleation all samples were kept in isotonic saline
(0.9% NaCl) at the temperature 4–5 1C. All measurements were
performed at room temperature of about 20 1C. Before the
measurements, pigment layer (lamina fusca) was removed from
the sclera samples. Thickness of the samples was measured by
micrometer before the interaction with the studied solution and
after that. Precision of the measurements was 750 mm. Obtained
values were averaged.
Aqueous solution of Retinalamin (Geropharm Ltd., Russia) was
used as an immersion ﬂuid. Concentration of Retinalamin was
25 mg/ml. Refractive index was measured by Abbe refractometer
as 1.346 at l ¼ 589 nm. Refractive index of the scleral interstitial
ﬂuid (after keeping in saline for 24 h) could be considered as
matched to refractive index of weak saline, i.e. 1.332, which is
close to that of water.
2.2. Experimental setup
Estimation of diffusion coefﬁcient of the studied solution was
made on the basis of analysis of reﬂectance dynamics of the tissue
samples. The measurements of the scleral reﬂectance were
performed in the spectral range 450–900 nm using a commercially available optical multichannel spectrometer LESA-5
(BioSpec, Russia). The scheme of the experimental setup is shown
in Fig. 1.
As a light source a halogen lamp with ﬁltering of the radiation
in the spectral range 450–900 nm was used in the measurements.
Light was delivered to the sample and collected from the tissue
using a ﬁber-optical probe. The ﬁber-optical probe consisted of
seven optical ﬁbers. All ﬁbers had 200 mm core diameter and a
numerical aperture of 0.22. The central ﬁber S (see, Fig. 1)

delivered the incident light to the tissue surface and six ﬁbers D
(the ﬁbers were placed around the central ﬁber) collected the
reﬂected light. Distance between centers of the delivering and
receiving ﬁbers was 290 mm. As a reference, a white slab BaSO4
with a smooth surface was used. For the spectrometric measurements each sample was ﬁxed on a cuvette with solution of
Retinalamin. The reﬂectance spectrum of the sample was measured before administration of the agent solution and every 30 s
during the ﬁrst 10–15 min of the interaction. Then the measurements were carried out every 1–2 min up to the moment when
the changes of the spectrum were negligible.
2.3. Method for estimation of diffusion coefﬁcient
Transport of a drug within tissues can be described in the
framework of free-diffusion model. The model of free diffusion
can be used on the basis of difference of size of Retinalamin
molecule (hydrodynamic radius of molecules with similar
molecular weight (MW) is 2–3 nm [9]) and sizes of both collagen
ﬁbrils and interﬁbrillar space in sclera. According to [14], mean
diameter of collagen ﬁbrils is about 100 nm, and mean ﬁbril
displacement is 285 nm. Thus, distance between the collagen
ﬁbrils is enough for free pass of the Retinalamin molecules
between the ﬁbrils. It is clear that Retinalamin diffusion rate in
interstitial ﬂuid of sclera should be different from the mean
diffusion rate in the whole sclera due to porosity of the tissue and
tortuosity of the diffusion pathway. However, the goal of this
study is not investigations of diffusion of Retinalamin in the
interstitial ﬂuid of the sclera, but it is estimation of mean drug
penetration rate (i.e. diffusion coefﬁcient) through sclera, as a
comprehensive whole, into inner eye space because it is important
for ophthalmologists to estimate a drug dose delivered into retina.
In our model, sclera is presented as a continuous medium with
‘‘effective’’ characteristics and, so, Retinalamin diffusion coefﬁcient
is measured for the medium. The use of free-diffusion model was
well tested for molecules with large molecular weighs by different
authors [9,10,21,22]. For example, Papadopoulos et al. [21],

Fig. 1. Experimental setup for measurements of scleral reﬂectance spectra. S and D mean source and detector ﬁbers, respectively.
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analyzing the axial spread of the microinjected proteins in the
muscle ﬁbers, have shown that diffusion of large molecules
(for example, myoglobin) is well described by the model. In the
papers [9,10,22] the model is also used for describing diffusion of
molecules with MW 0.023–150 kDa. As an alternative method to
obtain the diffusivity the Monte Carlo (MC) simulation can be
used, but it requires a lot of computing time.
We assume that the following approximations are valid for the
transport process: (1) only concentration diffusion takes place;
i.e., the ﬂux of drug into tissue, at a certain point within the tissue
sample, is proportional to the drug concentration at this point;
(2) the diffusion coefﬁcient is constant over the entire sample
volume.
Geometrically the tissue sample is presented as a planeparallel slab with a ﬁnite thickness. Since lateral dimensions of the
experimental samples were much bigger than their thickness and
lateral sides were ﬁxed (not connected with the solution), the
one-dimensional diffusion problem has been solved. The onedimensional diffusion equation of the drug transport has the form
(Fick’s second law)

qCðx; tÞ
q2 Cðx; tÞ
¼D
,
qt
qx2

(1)

where C(x,t) is the concentration of drug, g/ml; D the
diffusion coefﬁcient, cm2/s; t the time, s; and x the spatial
coordinate, cm.
We also suppose that penetration of drug into tissue does not
change the concentration of the drug in the external volume.
Besides, due to geometry of the measurements, penetration of
Retinalamin into the sclera sample takes place from external
surface of the sample only. The corresponding boundary conditions are
Cð0; tÞ ¼ C 0

and

qCðl; tÞ
¼ 0,
qx

(2)

where C0 is the drug concentration in the external solution, g/ml,
and l the sclera sample thickness, cm.
The initial condition corresponds to the absence of drug inside
sclera before the measurements:
Cðx; 0Þ ¼ 0

(3)

for all inner points of the sample.
Solution of Eq. (1) for a slab with thickness l at the moment t
with boundary (Eq. (2)) and initial (Eq. (3)) conditions has the
form [23]
 !

1
2
8 X
1
2
2 p
CðtÞ ¼ C 0 1  2
D l
exp ð2i þ 1Þ t
,
(4)
4
p i¼0 ð2i þ 1Þ2
where C(t) is the volume-averaged concentration of agent within
the sclera sample.
The time dependence of refractive index of the interstitial ﬂuid
can be derived using the law of Gladstone and Dale, which states
that the resulting value represents an average of the refractive
indices of the components related to their volume fractions [19].
Such dependence is deﬁned as
nI ðtÞ ¼ ð1  CðtÞÞnbase þ CðtÞnosm ,

(5)

where nbase is the refractive index of the tissue interstitial ﬂuid at
the initial moment (as was mentioned above the refractive index
of the interstitial ﬂuid is equal to the refractive index of water),
and nosm is the refractive index of the Retinalamin solution. The
wavelength dependence of water has been presented by Kohl et al.
[24] as
nw ðlÞ ¼ 1:3199 þ

6:878  103

l

2



1:132  109
4

l

þ

1:11  1014

l6

.

(6)
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The optical model of tissue can be presented as a slab with a
thickness l containing scatterers (collagen ﬁbrils)—thin dielectric
cylinders with an average diameter of 100 nm, which are
considerably smaller than their lengths. Refractive index of these
cylinders is 1.411 [19]. These cylinders are located in planes that
are parallel to the sample surfaces, but within each plane their
orientations are random. These simpliﬁcations reduce the difﬁculties in the description of light scattering by the tissue
considerably.
As a ﬁrst approximation, we assume that during the interaction between the tissue and the immersion liquid the size of the
scatterers does not change. In this case, all changes in the tissue
scattering are connected with the changes of the refractive index
of the interstitial ﬂuid described by Eq. (5). The increase of the
refractive index of the interstitial ﬂuid decreases the relative
refractive index of the scattering particles and, consequently,
decreases the scattering coefﬁcient.
In the visible spectral range, the absorption coefﬁcient of a
tissue is much lesser than the scattering coefﬁcient, except in
blood absorption bands. Since Retinalamin does not have strong
absorption bands within the wavelength range investigated, the
changes of scleral tissue reﬂectance can be described only by the
behavior of the scattering coefﬁcient.
For calculation of the scleral reﬂectance we used MC algorithm
developed by L. Wang et al. and presented in Ref. [25]. We have
modiﬁed the subroutine of input incident photons and the
subroutine of registration of photons backscattered by the tissue,
taking into account the geometry of the ﬁber-optical probe used in
the measurements (see, Section 2.2). The stochastic numerical MC
method is widely used to model optical radiation propagation in
complex randomly inhomogeneous highly scattering and absorbing media such as biological tissues [13,26–28]. Basic MC
modeling of an individual photon packet trajectory consists of a
sequence of elementary simulations [25]: photon path length
generation, scattering and absorption events, and reﬂection
or/and refraction on the medium boundaries. The initial and ﬁnal
states of the photons are entirely determined by the source and
detector geometry. For simplicity, the incident light is assumed to
be a pencil beam and the photons packets are launched normal to
the tissue surface. The specular reﬂection from air–tissue surface
is taken into account in the simulations. At the scattering site a
new photon packet direction is determined according to the
Henyey–Greenstein scattering phase function
f HG ðyÞ ¼

1
1  g2
,
4p ð1 þ g 2  2g cos yÞ3=2

where y is the polar scattering angle. The distribution over the
azimuthal scattering angle was assumed as uniform. MC technique requires values of absorption and scattering coefﬁcients,
anisotropy factor, thickness, and refractive index of sclera. The
required data and optical parameters have been presented earlier
[29].
Both scattering coefﬁcient and anisotropy factor have been
calculated on the basis of Mie theory [30]. For non-interacting
particles the time-dependent scattering coefﬁcient ms(t) of a
tissue is deﬁned by the following equation:

ms ðtÞ ¼ N ss ðtÞ,

(7)

where N is the number of the scattering particles (ﬁbrils) per unit
area and ss(t) the time-dependent cross-section of scattering. The
number of scattering particles per unit area can be estimated as
N ¼ f=ðpa2 Þ [31], where f is the volume fraction of tissue
scatterers and a is their radii. For typical ﬁbrous tissues, such as
sclera, f is usually equal to 0.2–0.3 [26].
To take into account interparticle correlation effects, which are
important for tissues with densely packed scattering particles, the
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scattering cross-section has to be corrected by the packing factor
of the scattering particles, ð1  fÞpþ1 =ð1 þ fðp  1ÞÞp1 [32], where
p ( ¼ 2 for rod-shaped particles) is a packing dimension that
describes the rate at which the empty space between scatterers
diminishes as the total number density increases.
In accordance with Mie theory [30], if incident light is
non-polarized, scattering properties of cylindrical particles (the
collagen ﬁbrils and ﬁbers) can be described by the following set of
relations:

ss ¼ 2aQ s ¼ 2a

Q sI þ Q sII
,
2

(8)

where a is a radius of the cylinder and Qs is an efﬁciency factor of
scattering.
"
#
1
X
2
jb0I j2 þ 2
Q sI ¼
ðjbnI j2 þ janI j2 Þ ,
x
n¼1
"
#
1
X
2
2
ja0II j þ 2
Q sII ¼
ðjanII j2 þ jbnII j2 Þ ,
x
n¼1

jT 1 j2 þ jT 2 j2
,
2
jb0I þ 2bnI cos yj2 þ ja0II þ 2anII cos yj2
T 11norm ¼
,
2
1
X
T 1 ¼ b0I þ 2
bnI cosðnyÞ,
T 11 ¼

n¼1
1
X

T 2 ¼ a0II þ 2

anII cosðnyÞ,

n¼1

where T1, T2 are the components of the forward scattering
amplitude matrix; T11 is the component of the scattering matrix.
The set of equations describing Retinalamin concentration
dependence on time represents the direct problem. The calculation of the diffusion coefﬁcient of Retinalamin in the scleral tissue
was carried out on the basis of measurement of the temporal
evolution of optical reﬂectance. The solution of the inverse
problem was obtained by minimization of the target function:
FðDÞ ¼

Nt
X
ðRðD; t i Þ  Rn ðt i ÞÞ2 ,
i¼1

C n V n  B n Dn
WnV n þ

anII ¼ 

iD2n

bnI ¼

;

An V n  iC n Dn
W n V n þ iD2n

W n Bn þ iDn C n
W nV n þ

bnII ¼ i

;

An ¼ ix½xJ 0n ðZÞJ n ðxÞ  ZJ n ðZÞJ0n ðxÞ,
Dn ¼ n cos zZJ n ðZÞHð1Þ
n ðxÞ

x2

iD2n

where R(D,t) and R(t) are the calculated and experimental values
of time-dependent reﬂectance, respectively, and Nt is the number
of time points obtained at registration of the temporal dynamics
of reﬂectance. To minimize the target function the Levenberg–
Marquardt nonlinear least-squares-ﬁtting algorithm described in
detail by Press et al. [33] was used. Iteration procedures were
repeated until experimental and calculated data were matched.
Calculations were performed for four wavelengths, and the
obtained values of the diffusion coefﬁcient have been averaged.

,

C n W n þ An Dn
W n V n þ iD2n

,

!

1 ,
2

Z

3. Results and discussion

Bn ¼ x½m2 xJ 0n ðZÞJ n ðxÞ  ZJ n ðZÞJ0n ðxÞ,
!
C n ¼ n cos zZJn ðZÞJ n ðxÞ

x2

Z2

1 ,

ð1Þ

0
V n ¼ x½m2 xJ 0n ðZÞHð1Þ
n ðxÞ  ZJ n ðZÞH n ðxÞ,
ð1Þ
ÞH0 n ðxÞ

W n ¼ ix½ZJn ðZ

x ¼ x sinðzÞ;

 xJ 0n ðZÞHð1Þ
n ðxÞ,

qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ

Z ¼ x m2  cos2 ðzÞ:

Here z is the angle between the direction of the incident ﬁeld and
the axis of cylinder. In this paper we consider case where the wave
vector of the incident ﬁeld is directed perpendicular to the axis of
cylinder (z ¼ 901); then the coefﬁcients anI and bnII become zero,
and


bnI ðz ¼ 90 Þ ¼ bn ¼



anII ðz ¼ 90 Þ ¼ an ¼

Jn ðmxÞJ0n ðxÞ  mJ 0n ðmxÞJn ðxÞ
ð1Þ

Jn ðmxÞH0 n ðxÞ  mJ0n ðmxÞHð1Þ
n ðxÞ

0.85

mJ n ðmxÞH0 n ðxÞ  J0n ðmxÞHð1Þ
n ðxÞ

.

Here Jn ðrÞ is the Bessel function of the ﬁrst kind of order n, Hð1Þ
n ðrÞ
the Bessel function of the third kind of order n, m ¼ ns =nI the ratio
of refractive indices of the particle (ns) and surrounding medium
(nI), and x ¼ 2panI =l the size parameter, where l represents
wavelength in the surrounding medium.
Anisotropy factor of light scattering g (average cosine of
scattering angle) for the case of an inﬁnite cylinder illuminated
by non-polarized light is deﬁned by the following relation [30]:
R p T 11
0 T 11norm cosðyÞ sinðyÞ dy
g ¼ hcos yi ¼
,
(9)
R p T 11
0 T 11norm sinðyÞ dy

1 min
7 min
12 min
17 min
70 min

0.80

,

mJ n ðmxÞJ0n ðxÞ  J 0n ðmxÞJn ðxÞ
ð1Þ

Figs. 2 and 3 present reﬂectance spectra and dynamics of the
reﬂectance at selected wavelengths, respectively. They characterize the change in the optical properties of the scleral tissue during
interaction with Retinalamin solution.
Inﬂuence of water penetration on the change of scleral
reﬂectance was studied by analogical method. Fig. 4 presents
dynamics of human scleral optical reﬂectance measured at
different wavelengths during interaction of the sample with
saline.
As evidently follows from Fig. 2, at the initial moment the
sclera sample is only slightly transparent for optical radiation.
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Fig. 2. Reﬂectance spectra of human eye sclera measured in different moments of
interaction of the tissue with Retinalamin solution.
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Fig. 3. Reﬂectance dynamics of human eye sclera measured at different
wavelengths during interaction of the tissue with Retinalamin solution. Symbols
present experimental data, solid lines correspond to approximated dependence,
and the vertical lines are the standard deviation values.
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Fig. 4. Reﬂectance dynamics of human eye sclera measured at different
wavelengths during interaction of the tissue with saline. Symbols present
experimental data, and the vertical lines are the standard deviation values.

The form of reﬂectance spectra is determined by spectral
dependence of sclera scattering coefﬁcient. Since absorption
coefﬁcients of scleral collagen as well as water and proteins of
interstitial matrix are insigniﬁcant in the spectral range studied,
we can neglect light absorption in sclera [26].
The light-scattering properties of sclera are determined by
both its structure and the relation of the refractive indices
of the scatterers (mainly collagen ﬁbers) and the scleral interstitial
ﬂuid that ﬁlls the space between the collagen ﬁbers. On contact
of ﬁbrous tissue with immersion agent a few main mechanisms
of clearing take place [13,14,34–36]: (1) partial dehydration
of the tissue, (2) partial replacement of the interstitial ﬂuid by
the immersion substance, and (3) structural modiﬁcation or
dissociation of collagen. Both the ﬁrst and the second processes
mostly cause matching of the refractive indices of the tissue
scatterers (mainly collagen ﬁbers) and the cytoplasm and/or
interstitial ﬂuid. Tissue dehydration and structural modiﬁcation

919

lead to tissue shrinkage, i.e., to the near-order spatial correlation
of scatterers and, as a result, the increased constructive
interference of the elementary scattered ﬁelds in the forward
direction and destructive interference in perpendicular direction
of the incident light, that may signiﬁcantly increase tissue
transmittance even at some refractive index mismatch [34].
As a result, light scattering decreases and reﬂectance decreases
(see, Fig. 3). It is well seen in Fig. 4 that water diffusion into
the sclera sample practically did not change the scleral reﬂectance
in the whole of the studied spectral range. Thus, it can be
concluded that the changes in the scleral reﬂectance spectra
observed in Figs. 2 and 3 were caused by the inﬂuence of
Retinalamin.
It is important that the use of such high-polymer substances
such as Retinalamin as an immersion agent leads to osmotic
dehydration of tissue. The thickness of the samples decreases to
about 20%; for example, before measurements the thickness of
the sclera sample was 0.5070.08 mm, after that it was 0.387
0.05 mm. Dehydration of the studied samples on the one hand
leads to the increase of transmission due to the decrease of tissue
thickness. On the other hand, it causes signiﬁcant increase of
scatterer volume fraction in tissue; which induces a rise of
scattering coefﬁcient and partly compensates for the immersion
effect.
Fig. 3 demonstrates a good ﬁt between the experimental data
(points) and the approximating curves (solid lines) generated
within the framework of the proposed model. The difference
between experimental and calculated data can be explained
partially by inaccuracy of the measurements and simplicity of the
used model, since the diffusion coefﬁcient can change a little
during penetration of the clearing agent into the tissue, which is
inhomogeneous through its volume.
The data on the optical reﬂectance dynamics have allowed us
to estimate the diffusion coefﬁcient of the agent in the sclera.
Calculations were made for four wavelengths (500, 600, 700, and
800 nm) and averaged. The obtained value of the diffusion
coefﬁcient of Retinalamin is (1.8270.14)  106 cm2/s.
Previous in vitro experiments have demonstrated that sclera is
permeable to molecules as large as 150 kDa [9,22]. Diffusion of
proteins with high MW in samples of ﬁbrous tissues measured by
ﬂuorescent methods was presented in papers [9,21,22]. The value
of Retinalamin diffusion coefﬁcient is in good correspondence with
the data obtained for other agents with similar molecular masses.
Scleral permeability to ﬂuorescein isothiocyanate—dextrans ranging in molecular mass from 4 to 150 kDa at 25 1C was determined
by Ambati et al. [9]. The results have allowed us to estimate
diffusion coefﬁcient of dextrans with molecular masses 4.4 and
19.6 kDa as approximately 1.01 106 and 0.3  106 cm2/s,
respectively (permeability coefﬁcient P ¼ D/l, where l is the mean
thickness of sclera sample, which is 0.5 mm). From the data
presented by Olsen et al. [22] we have estimated diffusion
coefﬁcient of dextran (10 kDa) as 0.4  106 cm2/s. The diffusion
coefﬁcients of cytochrome (12.4 kDa) and myoglobin (17 kDa) in
muscle ﬁbers measured at 22 1C amount to approximately
0.16  106 and 0.19  106 cm2/s, respectively [21]. The differences between the diffusivities obtained in this paper and
presented by the other authors can be explained by the
differences in structure and properties of the investigated agents
and tissues. The differences can be due to the various experimental and calculation methods.
From experimental data presented in Fig. 3 we can estimate
diffusion length as a quantitative measure of how far Retinalamin
solution has propagated in the chosen direction during the
characteristic diffusion time. The value of characteristic diffusion
time is 7.670.3 min. Thus, the value of diffusion length is about
0.2 mm.
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4. Conclusion
The results of the experiments have shown that penetration of
Retinalamin into scleral tissue leads to a decrease of scleral
reﬂection due to optical immersion. Analysis of reﬂectance
dynamics of the sclera samples allowed us to estimate the
diffusion coefﬁcient of Retinalamin in sclera as (1.8270.14)  106
cm2/s. The obtained result is in good correspondence with data
presented in literature for other agents with similar molecular
masses. The result is important for treatment of partial optic
atrophy observed in primary open-angle glaucoma and other eye
diseases.
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